® 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




® Publication number: 



0 546 206 A1 



© 



EUROPEAN PATENT APPLICATION 



© Application number: 91121161.3 
© Date of filing: 10.12.91 



© Int. CI 5: B22D 11/06 



@ Date of publication of application: 
16.06.93 Bulletin 93/24 

® Designated Contracting States: 
AT DE FR 

© Applicant: NIPPON STEEL CORPORATION 
6-3 Otemachi 2-chome Chiyoda-ku 
Tokyo lOO(JP) 

© Inventor: Yamagami, Yasuhlro, c/o Nippon 
Steel Corporation 

Technical Development Bureau, 20-1, 
Shintomi 

Futtsu-shI, Chiba(JP) 

Inventor: Nakajima, Hiroyuki, c/o Nippon Steel 
Corporation 



Hikari Works, 3434, Oaza Shimada 

Hikari-shi, Yamaguchi(JP) 

Inventor: Shimomura, Kensuke, c/o Nippon 

Steel Corporation 

Hikari Works, 3434, Oaza Shimada 

Hikari-shi, Yamaguchi(JP) 

Inventor: Oka, HIdetake, c/o Nippon Steel 

Corporation 

Technical Development Bureau, 20-1, 
Shintomi 

Futtsu-shi, Chiba(JP) 



© Representative: Vossius & Partner 
Siebertstrasse 4 P.O. Box 86 07 67 
W-8000 IVIunchen 86 (DE) 



< 

CO 

CM 
CD 

in 
o 



® Continuous casting method of thin metal strip. 

© A method of continuously casting a thin strip (S) 
by pressing a pair of side walls (3W, 3D) to both 
) side surfaces of a pair of rotating cooling drums (2a. 
2b) to form a metal bath (4) and rotating said cooling 
drums so as to cool a molten metal inside the metal 
bath and to continuously cast the thin strip, compris- 
ing the steps of pressing the side walls (3W. 3D), 
which are pre-heated before the start of casting of 
the thin strip, to the end surface of the rotating 
cooling drums {2a, 2b) at a predetermined surface 
pressure so as to apply deformation corresponding 
to the shape of the end surfaces of the cooling 
drums to the side walls, casting under lowered press 
surface pressure conditions to form a necessary 
sliding surface required for stable casting, moving 
the side walls (3W. 3D) to the positions at which a 
wear quantity of the sliding surfaces of the side walls 
reach a target value, and continue casting while 
maintaining said positions. 
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This invention relates to a method of continu- 
ous casting a thin strip from a molten metal by a 
pair of cooling drums. 

A twin drum system (which uses a pair of 
cooling drums) is known as a method of continuous 
castfng a thin strip having a shape approximate to 
a final shape in the art of continuous casting of 
metals. The outline of this system will be explained 
with reference to Fig. i of the accompanying draw- 
ings. A molten metal M is supplied from a tundish 
into a metal bath 4 defined by a pair of cooling 
drums 1. 1. and side walls or dams 3W, 3D. is then 
cooled by the cooling drums 1. i to form a solidi- 
fied shell on the peripheral surface of each cooling 
drum 1, 1. The solidified shells are pressed to- 
gether and integrated at roll gap portions of the 
cooling drums 1. 1. and are delivered in the form of 
a thin strip S. 

In the system described above, the side walls 
are necessary to hold the molten metal between 
the cooling drums, and have a structure such as 
the one described in Unexamined Utility Model 
Publication (Kokai) No. 63-90548. for example As 
means for preventing the occurrence of leak of 
molten through gap between the side wall and the 
cooling drum end surface, there are known various 
methods such as the method that press the side 
wall onto the cooling drum end surfaces at a pre- 
determined pressure or maintains a gap between 
them during casting, the method that moves the 
side walls in such a manner as to follow up the 
wear rate of the side walls (Unexamined Patent 
Publication (Kokai) No. 3-230848). the method that 
detects an open quantity of the side walls and 
regulates the press force (Un-^xamined Patent Pub- 
lication (Kokai) No. 63-36954). the method that 
detects the opening force of the side walls and 
regulates the press force (Unexamined Patent Pub- 
lication (Kokai) No. 53-177944). and so forth. 

In accordance with the control system de- 
scribed above, which controls the press force to a 
constant level, however, it is very difficult to con- 
tinue stable casting for long time. For. even when 
the press force is kept constant, both of the cooling 
drums and the side walls undergo non-uniform 
deformation due to the heat from pre-heating be- 
fore casting and due to the heat from the molten 
metal dunng casting, and it is therefore difficult to 
get the conformable sliding surfaces of the cooling 
drum and side wall with each other at an early 
stage. 

In other words, since the shape of the end 
surface of the cooling drum undergoes deformation 
due to the heat from the molten metal, the shape 
during casting is different from the shape before 
the casting. Accordingly, even if the sliding surface 
IS made uniform in advance by pressing the side 
walls to the end surface of the cooling drums and 



rotating the cooling drums prior to the casting start 
the resulting effect is not much better. 

The side wall receives a reaction force from 
the cooling drum, such as a sliding friction, squeez- 
5 ing force of the mashy shell under the drum force 
of the cooling drum, and so forth. This reaction 
force is unstable. If this reaction force becomes 
greater than the press force of side wall during the 
press force constant control, the side walls are 
ro pressed back, so that it becomes difficult to keep 
the sliding motion uniform between the cooling 
drums and the side walls. In a case of press device 
using air cylinders, the retreat distance of the side 
wall when it is pressed back is so great that a gap 
IS IS defined between the cooling drum end surfaces 
and the side walls, and causes leak. 

On the other hand, it is not economical to 
maintain a large press force during the casting 
process because the wearing of the cooling drums 
20 and the side walls becomes considerably great. If a 
large friction groove or grooves occur on the side 
walls the edges of such grooves are easily to break 
and result in various casting problems such as 
entrapment of the broken pieces in the strip a 
25 defective shape at the end portion of the strip due 
to the contact of the broken edge of the grooves 
with the solidified, shell, and so forth. 

Similarly, in accordance with the control sys- 
tem that keeps the gap constant, it is extremely 
30 difficult to keep the same throughout the full area 
of the sliding surface between the drum and the 
side wall during the casting period because non- 
uniform thermal deformation occurs in both the 
cooling drum and the side wall during the casting 
35 preparation period and at the initial stage of cast- 
ing. 

On the other hand, the method that moves the 
side walls in such a manner as to follow up the 
wear quantity of the side walls is easily to promote 
40 non-uniform wear and is not very practical. The 
method that detects the opening distance or the 
opening force of the side walls and regulates the 
press force is not suitable for practical casting 
operations because the separate measurement of 
45 the opening force and the press force is extremely 
difficult at the present stage and hence, it is ex- 
tremely difficult to apply the press force in accor- 
dance with the detection quantity. 

It is therefore an object of the present invention 
50 to eliminate the problems occurring between the 
side walls and the cooling drum end surface during 
the casting period. 

It is another object of the present invention to 
reduce the wear quantity of the side walls and to 
55 stably carry out the casting operation for long lime 
To accomplish the objects described above 
the continuous casting method in accordance with 
the present invention involves the steps of pressing 
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the side walls to the cooling drum end surfaces 
with a great surface pressure in order to bring, in 
advance, the shapes of the contact surfaces Into 
conformity (deformation application period); press- 
ing the side walls to the cooling drum end surfaces 
by a surface pressure that is smaller than the 
surface pressure described above but is greater 
than the surface pressure during the steady casting 
period, immediately before the start of casting, and 
thereafter starting the casting process (starting the 
pouring operation of a molten metal between the 
drums); rotating the cooling drums and advancing 
the side walls towards the cooling drum end sur- 
faces so as to positively promote wearing and to 
bring their contact surfaces into mutual conformity 
(wear promotion period); and after their slide sur- 
faces are allowed to sufficiently adapt to one an- 
>j other in this manner, setting the advancing speed 
of the side walls to a smaller value so as to reduce 
and minimize the wear quantity of the side walls, 
and carry out casting while maintaining the sliding 
state of both the drums and the side walls (wear 
restriction period). 

In order to judge the switch timing from the 
wear promotion state of the side walls at the initial 
stage of casting to the subsequent wear restriction 
state, it is possible to adopt, besides the casting 
length as one of the factors, the time elapsed from 
the start of casting (or from the start of rotation of 
the drums), the number of times of vibration of the 
side walls, the change of the side wall press force, 
the rotation driving torque of the casting drum, the 
rotating driving power, the leak state from the side 
walls, the fin adhesion state to the end portions of 
the cooling drums, and so forth. The switch timing 
can be determined by either one, or combining at 
- least two of these factors. 

Another characterizing feature of the present 
invention resides in that a target wear quantity is 
obtained by always advancing the side walls. In 
other words, the advancing distance of the side 
walls is measured by detecting their positions by 
side wall position sensors, the side walls are stop- 
ped and are kept at a that position until the target 
advancing distance (target wear quantity) is at- 
tained, when an excessive advancing distance is 
detected by the sensors. When the insufficient 
advancing distance state continues, on the other 
hand, the side walls are advanced until the target 
advancing distance is obtained. 

The excessive advancing state can aisp be 
detected by measuring the reaction force acting on 
the press devices. In other words, the side walls 
are kept advanced unless any excessive reaction 
force acts on the press device. When the exces- 
sive reaction force acts, the advance of the side 
walls is stopped, and after the reaction force re- 
duces below a predetermined value, due to the 
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wear of the side walls, the advance of the side 
walls is started once again. 

When the movement of the side walls is con- 
trolled in the manner described above, the retreat- 
5 ing operation of the press devices does not exist. 
Accordingly, the abrupt change of the press force 
resulting from the back lash of the press devices 
that is likely to occur with the reacting operation of 
the press devices, does not occur. For this reason, 
70 the position control of the side walls can be carried 
out reliably and easily. 

Incidentally, the wear quantity of ihe side walls 
changes in accordance with the physical properties 
of the side walls such as material and hardness, a 
75 temperature, the deformation quantity of the cool- 
ing drum end surfaces, the surface roughness, the 
surface pressure between them, and so forth. 
Therefore, the target wear quantity is determined in 
consideration of the factors described above. 
20 The invention will described in detail in con- 

nection with the drawings In which: 

Fig. 1 is a perspective view showing an appara- 
tus of the present invention as a whole; 
Fig. 2 is a partial sectional, schematic side view 
25 of a press device 5wa shown in Fig. 1; 

Fig. 3 is a diagram showing the relation between 
the reaction force of a side wall, an advance 
distance of the press device, a practical moving 
distance (wear quantity) of the wall and a work 
30 time, wherein Fig. 3(a) shows the case of the 
press device (5Dc) at a lower part of the side 
wall on a rotation drive side of a cooling drum, 
and Fig. 3(b) shows the case of the press de- 
vice (5Wc) at the lower part of the side wall on 
35 the work side; and 

Fig. 4 is a diagram showing a relation similar to 
the one shown In Fig. 3(b) in a comparative 
example. 

To begin with, the apparatus used in the 

40 present invention will be explained with reference 
to Figs. 1 and 2. As already described, the present 
invention relates to the casting apparatus of the 
twin drum system for producing the thin strip cast 
S as shown in Fig. 1 . Referring to Fig. 2, the side 

45 walls 3W and 3D are composed of a refractory 
(base plate) 3W-1 and a metal frame 3W-2, and a 
ceramic member 3W-3 that comes into contact 
with the sliding surface 2a of the drum end surface 
2 and is buried into this refractory member 3W-1. 

50 This ceramic member 3W-3 is made of BN. AIN. 
SiaN* , etc.. as its principal components and in this 
embodiment, a material containing 50% of BN hav- 
ing a great influence on wear characteristics is 
particularly preferable. 

55 A plurality of press devices 5 are disposed on 

the side walls 3W. 3D in order to press them onto 
the end surface of the cooling drums 2a, 2b. The 
press device 5Wa shown in Fig. 2 uses an electro- 

3 
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hydraulic cylinder 5Wa-i capable of moving back 
and forth and stopping against the external force 

The said press device 5Wa is disposed on the 
side wall on the cooling drum work side and on the 
fixed position side. 

The control system in the present invention is 
constituted in the following way. Namely, the sys- 
tem includes a sensor 6Wa for detecting the mov- 
ing distance of the press device 5Wa in a longitudi- 
nal direction, which is fitted to a cylinder 5Wa-1 of 
the press device, a sensor 7Wa for detecting the 
position of the side waif, which is fitted to the metal 
frame 3W-i of the side wall, and a press force 
sensor 8Wa for detecting the side wall press force 
(reaction force) to the cooling drum end surface 
wh^h IS fitted to a rod 5W.2 of the press device.' 
Furthermore, the system includes monitor devices 
9 for monitoring the fin of the strip, the teak from 
the side walls, the fin adhering to the cooling drum 
end portion, and so forth, the devices 9 of which 
are disposed at suitable positions. These sensors 
and monitor devices are interconnected to a con- 
fro ler 10 so that the controller 10 processes the 
data from them. 

Next, the method of casting and obtaining the 
thm strip cast by the use of the apparatus de- 
scnbed above will be definitely explained with ref- 

Zf^^ I?/'^'- ^ ""'a- 3(a) shows the 

relation between the work time of the side wall 3D 
and the press device 5Dc (not shown in the draw- 
ing) at the lower part of the side wall, the force of 
reaction (A) of the side wall, the advance distance 
(B) of the press device and the actual moving 
distance (C) of the wall. 

First of all, the side walls 3W snd 3D are pre- 
heated to 1.200 to 1.400-C before the start of 
casting and are then pressed to the slide surfaces 
-i-a. 2-b of the cooling drum end surface 2 for 

InK^rl """"^^ '^^"S'^ P^ess devices 
5Da. 5Db. 5Dc and 5Wa. 5Wb. 5Wc at the side 
wall reaction force of 2.400 to 1,200 kg (the reac- 

jTnnT®,.!^'?"^ °" P'^^^ <^«^ices being 

1 400 to 700 kg) (the surface pressure ranging frorn 
about 20 to about 10 kg/cm=^). so that the gap 
between Side walls 3W. 3D and the slide surfaces 
2-a. 2-b IS reduced less than 0.1 mm (this deforma- 
tion application time being represented by the 
curve A(a) in the diagram). After this time has 
passed, the side reaction force is lowered to 810 to 
580 kg (the surface pressure of 7 to 5 kg/cm^} as 
represented by the curve A(b) in Fig. 3(a), and 
casting is then started at this surface pressure in 
order to cast a thin strip which is from about 15 to 
about 30 m long (the wear promotion period). 

The advancing speed of the side wall at this 
time IS relatively great and an average wear rate 
per unit sliding length is from 0.01 to 0.02 mm/m. 
The wear quantify of the side wall is from 0.15 to 



0.6 mm. The sliding portion of the side wall adapts 
Itself well to the heat deformation at the cooling 
drum end portion and results in an excellent seal- 
ing state devoid of leak. For this reason, the advan- 
5 cing distance of the side wall during this period is 
set to the range of 0.2 to 0.6 mm. 

The control described above is made by the 
press force sensor 8 disposed on each of the press 
devices by detecting the press force and compar- 
10 ing It with a target value. 

Next, the casting process shifts to the wear 
restnction period of steady casting, and this period 
wll be explained in the case of the press device 
5Dc, with reference to Fig. 3(a). 
'5 When the casting length in the wear promotion 

penod represented by the curve A(b) shown in the 
diagram reaches the before-mentioned predeter- 
mined length, the position of the side wall press 
device at this time is used as the reference posi- 
20 tion (zero second). Then, the press devtee is 
moved from this position to the cooling drum end 
surface in accordance with the curve B. and after 
tfie target quantity is casted, such as after about 
600 second as in this embodiment, the moving 
25 distance corresponding to this time is obtained 
The practical moving distance of the wall at this 
time increases in proportion to the moving distance 
Of the press device in accordance with the curve C 
Accordingly, it can be understood that the side wall 
30 IS worn out in harmony with the movement of the 
press device. 

The casting condition is switched to the steady 
casting condition at the point of movement de- 
scribed above. The advancing speed of the side 
35 wall press device is controlled so as to reach the 
target speed or in other words, to reach a desired 
mean wear rate (e.g.. 0.0033 mm/sec), and the thin 
stnp IS cast and produced in a desired length (e g 
500 m) while maintaining said advancing speed " 
-«> The reaction force of the side wall drastically 

increases immediately after the start of the move- 
ment of the press device due to the rotational 
fnction of the cooling drum as represented by the 

S/r® ^""^ "'^9'^"' drops thereafter 

45 When the point of movement described above is 
passed, the reaction force continues to lessen with 
a smooth curve, and thus represents the fact that 
nomnal casting is being carried out. 

The side wall reaction force at the reference 
50 position of the press device, the time from this 
reference position to the switch timing of the 
steady casting condition and the wear rate are 
stipulated in accordance with the casting condi- 
tions, respectively. 
55 Non-uniform wear of the side walls can be 

prevented by synchronizing the advancing speeds 
Of the side wall press devices 5Wa, 5Wb 5Wc (or 
5Da. 5Db, 5Dc) with their advancing operations 
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such as advance tinning and stop timing during the 
casting operation. Synchronization of the advancing 
operations of the side walls Is effected by intercon- 
necting the controllers 10 of all the press devices 
(three, in this embodiment) of each side wall. In 
other words, all the side wall press devices are 
simultaneously advanced at the same advancing 
speed, and the subsequent change quantity and 
change timing as well as cessation of the advan- 
cing operations are carried out in synchronism with 
one another. In this case, it is not particularly 
necessary to synchronize the operations of the side 
walls on the drive side and on the work side. 

The advancing operations of the side walls for 
applying deformation to the side walls before the 
start of the casting process need not be synchro- 
nized, and are controlled by the press force con- 
trol. 

Example 1: 

The side walls 3D. 3W were pre-heated to 
1.330 before the start of the casting process 
and were pressed to the end surface of a cooling 
drum with a side wall reaction force of 1,200 kg 
(the reaction force of the press device at the lower 
part of the side wall being 700 kg) and with a 
surface pressure of about 10 kg/cm^, for about one 
minute. In this way. the surfaces of the side wall is 
deformed to reduce the gap between side wall and 
the sliding surfaces of the cooling drum end sur- 
face 2a and 2b to be less than 0.1 mm. 

Next, the side wall reaction force was lowered 
to 810 kg (the reaction force of the press device at 
the lower part of the side wall being 475 kg) with a 
surface pressure of 7.3 kg/cm^, and the casting of 
a strip having a thickness of 3 mm was started and 
continued up to 30 meters of casting length. The 
mean wear rate of the side walls at this time was 
about 0.013 mm/m and their wear quantity was 
about 0.4 mm. 

Steady casting was then carried out while con- 
trolling the positions of the side walls by using the 
moving distance sensors 6 for the press device 5 
and the side wall position sensors 7. 

The casting process described above will be 
explained in the case of the press device 5Dc. 

The side walls were advanced by a distance of 
0.4 mm within 100 seconds from the position of the 
press device (or in other words, the position of the 
rod) when the before-mentioned wear promotion 
period was completed, with this position as the 
reference position. While the advancing speed of 
the press device was regulated in such a manner 
as to set the wear rate to 0.0005 mm/sec. steady 
casting of a length of 500 m was carried out. The 
wear quantity of the side walls during this casting 
process was about 1.0 mm, thereby indicating that 



the wear quantity can be drastically reduced in 
comparison with the wear quantity (about 5 mm) of 
the conventional casting method. 

The side walls used in this embodiment were 
5 made of a material of an Si3N4 composite system 
containing 45% of BN and stiffness (spring con- 
stant) of the push devices as a whole was 500 
kg/mm. 

10 Example 2; 

An explanation will be given in the case of the 
push device 5Wc for the side wall on the opposite 
side to that of Example 1 in the same cast as that 

75 of Example 1, with reference to Fig. 3(b). 

After the casting operation continued in a way 
similar to that in Fig. 3(a). the surface pressure 
started to increase after 300 seconds as repre- 
sented by the curve A(c). the side walls moved 

20 back at about 340 seconds and leak occurred. 
Therefore, the stroke of the press device was 
quickly extended at 380 seconds and were moved 
by a distance of about 0.4 mm. As a result, the 
side walls were compulsively moved forth and the 

25 wear quantity of the side walls increased. Leak was 
thus stopped and the casting operation could be 
thereafter carried out normally. 

The side walls presumably moved back as 
described above because foreign matter, such as a 

30 skull deposited on the side walls, entered between 
the side walls and the cooling drum end surface 
and this gap was compulsively separated. 

Comparative Example 1 : 

35 

In the casting apparatus shown in Fig. 2. the 
side walls which were pre-heated to 1,330*C be- 
fore the start of the casting operation were pressed 
to the cooling drum end surface at the press force 

40 of 1,200 kg. Thereafter, the casting operation was 
started at a predetermined side wall reaction force 
of 360 kg as shown in Fig. 4. 

The reaction force dropped after 150 seconds 
from the start as shown by the curve A, the press 

45 devices as shown by the curve B moved back and 
fins occurred. The reaction force increased at 
about 170 seconds, and the casting operation was 
restored to a relatively stable operation. However, 
the press devices moved back once again at about 

50 200 seconds and leak occurred. Thereafter, the 
casting operation could not be restored to the 
normal operation and was therefore stopped at 300 
seconds. 

The first retreat of the press devices was pre- 
ss sumably generated by the skull deposited on the 
side walls. 

It could thus be confirmed that the method of 
the present invention is extremely suitable for large 
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capacity casting. In other words, it was confirmed 
that the method of the invention can quickly bring 
the casting operation to a steady casting condition 
after the start of casting and can minimize the wear 
quantity of all the side walls throughout the full 
casting period while maintaining an excellent side 
seal thereof, 

Clatnns 



1. A method of continuously casting a thin strip 
by pressing a pair of side walls onto both side 
surfaces of a pair of rotating cooling drums to 
form a metal bath and rotating said cooling 
drums so as to cool a molten metal inside said 
nnetal bath and to cast the thin strip, compris- 
ing the steps of: 

pressing said side walls pre-heated before 
the start of casting to said end surfaces of said 
cooling drums at a predetermined surface 
pressure and applying deformation to said side 
walls corresponding to the shape of said end 
surfaces of said cooling drums; 

lowering said press surface pressure, start- 
ing the casting, advancing said side walls to- 
ward said end surfaces of said cooling drums 
to generate a predetermined friction on said 
side walls, and thus forming slide surfaces 
necessary for stable casting: and 

lowering the advancing speed of said side 30 
walls after said necessary slide surfaces are 
formed, and continuing stable casting. 

2. A continuous casting method of a thin strip 
according to claim 1. wherein said predeter- 
mined surface pressure is within the range of 3 
to 30 kg/cm2 ^ 



3. 



A continuous casting method of a thin strip 
according to claim 1 or 2. wherein said advan- 
cing speed during said stable casting is within 
the range of 0.00005 to 0.0015 mm/sec. 

A continuous casting method of a thin strip 
according to any of claims 1 to 3. wherein all 
of the press devices on each side of said pair 
of side walls are operated in synchronism with 
one another. 

An apparatus for carrying out the method ac- 
cording to any of claims 1 to 4. 
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